Background: Obesity rates have increased markedly in recent years. This study investigated whether increases in adiposity over the past 10 years in England reflect across-the-board gains in adiposity or differential effects in subgroups. Methods: The data were from the Health Surveys for England, which include home-based measurements of height, weight and waist circumference in population-representative samples. Mean-difference (m-d) curves were calculated to examine increases in BMI and central adiposity at selected percentile points across the distribution between 1993/4 and 2002/3. The sample comprised 20 246 participants in 1993/1994 and 11 708 in 2002/2003. Patterning of population adiposity was examined in relation to gender, age and socioeconomic status (SES). Results: Both BMI and central adiposity increased markedly more in the upper part of the distribution, with intermediate increases in the middle and little change at the lower end of the distribution. The patterning and magnitude of increases in adiposity were similar for men and women, and for lower and higher SES groups. Increases at the top of the distribution were greater for younger adults, with the 90th percentile of waist circumference increasing by more than 8 cm in 10 years in young women. Conclusions: Gains in adiposity have not been equivalent across the BMI distribution. Thinner people in 2002/3 were almost as thin as they were 10 years earlier, but fatter people were considerably fatter. This could represent progressively greater responsiveness to the 'obesogenic' environment in individuals with higher complements of susceptibility genes. These population trends have important implications for future health and services to manage severe obesity.
Trends in adiposity in England
Population weights have increased steadily, and obesity prevalence has more than doubled since 1980 in the United States and Britain. [1] [2] [3] These figures could conceal even more disturbing trends if the rise in adiposity has been concentrated in higher weight groups, because health and quality of life costs rise more steeply with higher BMI in the obese than the normal-weight population. 4 Data from the United States and the Netherlands indicate that weight increases have not been equal across the BMI distribution but have been much greater at the upper end. [5] [6] [7] [8] [9] Similar results have been reported in European children 10, 11 and Danish army recruits. 12 We examined changes in the distributions of BMI and waist circumference in English adults over the 10-year period between 1993/1994 and 2002/2003 using data from the Health Surveys for England, to see whether the same pattern emerged in the UK as in the US and the Netherlands, and to extend the analyses to include percentile changes in central adiposity. We also compared the pattern of changes in adiposity between lower and higher socioeconomic status (SES) groups to see if lower SES groups have exhibited greater increases in adiposity, and examined differences by age to see whether younger adults, who arguably might have been 'earlier adopters' of modern obesogenic lifestyles, have attained higher BMI and waist values.
Methods
Data were from the Health Surveys for England, which are annual surveys about the health of people living in private households, designed to monitor health trends and provide information to underpin health policies. They were carried out in 1991-1993 by the Office for Population Censuses and Surveys (OPCS), and from 1994 onwards by the Joint Survey Unit of the National Centre for Social Research and the Department of Epidemiology and Public Health at University College London. Each year, a random sample of addresses is selected from the Postcode Address File using stratified multistage sampling in which postcode sectors are selected with a probability proportional to their size. In each household, all adult residents and up to two children are eligible for the survey, which involves an interview and height and weight measurements, followed by a nurse visit at which waist circumference and biological measurements are taken. The data are made available for public use through the UK Data Archive (http://www.data-archive.ac.uk).
After confirming the equivalence of the sampling methods and response rates, we combined data from 1993 and 1994 and from 2002 and 2003, to give a total surveyed sample of 19 331 men and 22 434 women. These sample sizes, after allowing for missing values, were adequate for analysis at each time point stratified by gender, SES and age. Response rates were 76% and 71% for 1993 and 1994, and 67% and 63% for 2002 and 2003. We restricted analyses to data from respondents aged 18-64 because height is reasonably constant over this age range. SES was indexed on the current or former occupation of the respondent. Those who refused to give information, had never worked, or were in the military forces, were excluded (3% of the total). Weight was measured with a specified electronic scale and height using an OPCS stadiometer. Waist was measured at the nurse visit using a calibrated insertion tape.
Analysis
Changes in percentile values for the distributions of BMI and waist circumference at the two time points were analysed graphically using mean-difference (m-d) curves. These plot the change in the percentile value from the earlier (1993/ 1994) Confidence intervals for the differences were obtained by bootstrap resampling and bias correction was carried out in Stata using the procedure described by Carpenter and Bithell. 13 As a basis for separate analyses, occupational social class was categorized into non-manual and manual according to current or previous occupation to index higher and lower SES. Age was categorized as 18-24, 25-34, 35-44, 45-54, 55-64 for comparisons of the 1993/94 with the 2002/03 surveys. Because the pattern by age was consistent across age groups, and to achieve the large sample sizes needed to provide reasonable precision in the estimation of differences between percentiles, age was categorized as younger and older (45-64) for the reported analyses, with no risk of confounding by cohort period effects. Because only 5.8% of the population was from non-white minority ethnic groups, sample sizes in this group were too small for separate analyses. All confidence intervals are for 95%.
Results
Sample sizes for analysis were 20 246 (48% males) in 1993/4 and 11 708 (46% males) in 2002/2003. Rates of overweight and obesity and mean values for BMI and waist circumference for the two time periods, are shown in Table 1 . Over the 10-year period, mean BMI increased by 1.1 units, and obesity prevalence rose from 13.4% to 22.7% in men and from 15.8% to 22.4% in women. In women, BMI above 35 increased from 5.01% to 8.15%, and BMI above 40 doubled from 1.34% to 2.63%. In men, BMI above 35 doubled from 2.10% to 4.30% but BMI above 40 was little changed (0.31%-0.45%). Average waist circumference increased substantially; by 3.48 (s.e. ¼ 0.19) cm in men and 4.35 (s.e. ¼ 0.19) cm in women. Figure 1 shows the mean-difference (m-d) curves for BMI for men and women. In men, the 10th percentile of the BMI distribution increased by 0.37 (CI ¼ 0.17-0.55) but higher percentiles increased more, with the 90th percentile Table 2 shows the changes in mean BMI and waist and prevalence of overweight and obesity by SES. Figure 3 shows the corresponding mean-difference curves for BMI in higher SES (solid) and lower SES (dashed) men and women. There appears to be very little evidence of any SES difference in the pattern of change in percentiles over the 10-year interval. The picture for waist was very similar and is not shown as a figure. Using education as the index of SES gave the same pattern of results.
We repeated the analyses stratifying for age. Table 3 shows the changes in mean BMI and waist and the prevalence of overweight and obesity separately for younger and older respondents. Average increases were higher for the younger groups in both men and women. The proportions with a BMI above 35 among 18 to 44-year-old men more than doubled, as did the proportions with BMI above 40 among 18 to 44-year-old women. The m-d curves showed increasing percentiles across the BMI distribution in both age groups, but the trend to greater increases at the higher percentiles was more marked in the 18-44 year olds (data not shown).
Age differences in the m-d curves for waist circumference were even more striking than for BMI. Increases in percentiles of waist size were significantly greater (indicated by the absence of overlap of the confidence intervals) in the 18-44 than the 45-64 year olds at the higher percentile points (see Figure 4) . The m-d curves for the two age groups are shown on the same axis to illustrate the differences, although the curve is displaced to the right for the older groups because waist circumferences increase with age regardless of time trends. Changes in the distributions of BMI and waist circumference J Wardle and D Boniface
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Discussion
These results indicate that increases in adiposity in England have not been distributed equally across the population, but the inequality is not related to demographic characteristics such as SES or gender, but principally to weight status. Slim adults (those below 25th percentile) in 2002/3 were almost as slim as their counterparts a decade earlier. Even those in the middle of the distribution (between 25th and 75th percentiles) were only around 1.0 BMI points (about 3 kg) fatter. However, those at the upper end were on average 2.0 BMI points (about 6 kg) heavier at the 90th percentile. These results were reflected in the increased proportions obese or with BMI greater than 35 or 40 and are similar to findings from NHANES in the United States.
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Central adiposity showed dramatic increases acrossthe-board, especially for women. Even slimmer women (10th percentile) in 2003 had waists that were 2 cm larger than their 1993/4 counterparts. This indicates that central adiposity is being strongly affected by environmental changes. However, central adiposity also showed a steep gradient across the percentiles, with increases at the 90th percentile being four times higher than at the 10th percentile.
The pattern of rising BMI and increases in waist circumference across the distribution emerged for all age and SES groups. However, the gradient across the percentiles was significantly steeper for younger than older adults; and strikingly so for waist circumference.
If increases in adiposity have varied across the distribution, what does this say about the causes of the obesity epidemic? There can be no doubt that environmental changes are at the root of the problem, because genes have not changed over 10 years. One possibility is that differences in weight gain relate to differential responsiveness to the environment, and that this in turn depends on genetic susceptibility.
14 Weight variation within the population is known to have a very strong genetic aetiology. 15, 16 There has been speculation in the genetic literature about whether a G Â E interaction model is a good fit for changes in human adiposity, [17] [18] [19] but the absence of genes of large effect has made it difficult to test directly on a population scale. The present results are consistent with the idea that genetic differences between individuals could make them differentially susceptible to positive energy balance in environments where eating and sedentary lifestyles are easily accessible and strongly promoted. That is growth in obesity is due to gene-environment (G Â E) interactions as well as pure environmental effects. The finding that the disproportionate increase in adiposity at higher percentiles has been greater for younger adults suggests that environmental changes have impacted more strongly on them. The features of the modern environment that have been implicated in promoting a positive energy balance (for example new foods, snacking habits, eating out, computer games) are aspects of lifestyle that are adopted earlier by younger than older people, which might explain these results. In contrast, the finding that m-d curves were more or less identical for higher and lower SES groups, implicates broader aspects of the physical and cultural environment, rather than features of local environments that have been shown to differ by SES.
In terms of understanding the causes of the rise in obesity, these results point to the need to think in terms of the dynamic responses of individuals to environments, such as the extent to which appetite is stimulated by food cues. 19 Psychologists have been studying these processes for the past 50 years, and it could be timely for them to work with geneticists and neurobiologists to investigate the dynamic psycho-biological processes controlling body fat.
There are important implications for medical care and costs. Medical costs associated with obesity will be compounded over and above the rise due to increased prevalence if increasing numbers of obese people have Grade II or III obesity. 20 Policy makers are rightly considering how to control weight gain across the population by changing food labelling and increasing opportunities for physical activity. However, our finding that upper-end obesity rates are increasing disproportionately faster suggests that community-wide preventive interventions need to be matched by expansion of clinical and research resources to develop and deliver effective treatments for weight loss and weight maintenance. This study has limitations. Bias due to differences in sampling design or non-response between the earlier and later surveys could affect the distributions. While there were no differences in sampling design, the response rates for height and weight measurement dropped from 71% for the pooled 1993/4 survey to 62% for 2002/3 and for waist dropped from 67% to 50%. All four surveys showed a good correspondence to the age, sex and social class distributions estimated from the 1991 and 2001 censuses, but it is reasonable to suppose that a degree of bias is present due to the refusal of relatively large numbers to be weighed and measured. Non-agreement to weighing and measuring is most likely to arise in the overweight individuals, and was more prevalent in 2002/2003 than in 1993/1994. This could have had an effect on the estimates of the population increases.
